Cellulase is a collective term that encompasses enzymes which catalyze reactions that participate in the degradation of insoluble cellulose to soluble carbohydrates. In the present study, production of extra cellular cellulases by a filamentous fungus, Aspergillus niger FCBP-02, was studied in solid-state fermentation (SSF) as well as in submerged fermentation (SmF). Trials were conducted to evaluate the effect of mutagenesis by UV irradiation (5-40 min) and ethyl methane sulfonate (EMS) treatment (50-300 µg mL -1 ) to obtain hyper active cellulase enzyme producers among the potential strains. The enzyme activity assays of parental and mutant strains clearly revealed significantly higher cellulase activity of mutant A-Ch-5.5 (96 Units mL -1 ), followed by A-UV-5.6 (71 Units mL -1 ) with respect to the wild strain of A. niger FCBP-02 (53.7 Units mL -1 ). The profile of genetic variability among wild and mutant derivatives was scrutinized through RAPD-PCR. The expression pattern of mutants exhibited that the mutants were isogenic variants of the wild type and the out performance of the mutants could be attributed to the change in genetic make up.
Cellulose has attracted considerable interest as a renewable resource since bioconversion products have potential value in the food and chemical industries and as an energy source. As million of tons of cellulose are squandered annually, fungi can prove a constructive device by producing cellulases for recycling of polymeric carbohydrates, which are otherwise being locked inside the waste products [1] . The cellulolytic activities of fungi on a global scale are quite phenomenal, yet despite this, only a selected few species are cultivated to produce food products. Nowadays, several approaches including chemical mutation (nitrous acid, dimethyl sulfonate, ethylmethanesulfonate (EMS) and acridine mustards), X-rays and UV irradiation, and genetic engineering have been given a high priority to improve the yield of enzymes by fungal strains [2] [3] [4] [5] . Such mutations are either inheritable changes or can be induced in the genome as a result of a variety of events that may involve individual nucleotide bases of the DNA molecule, sequences of bases or large regions of the fungal chromosome [6] .
The present work was designed to develop mutant strains of Aspergillus niger FCBP-02 for the production of cellulases through UV and chemical mutagenesis. Research was also carried out to study the genetic variability of efficient mutant derivatives of A. niger FCBP-02 with their parental strain using RAPD markers.
Strain screening:
On the basis of the extent of hydrolyzing activity on solid media, strains FCBP-02 and FCBP-109 of A. niger, FCBP-64 and FCBP-209 of A. flavus, and FCBP-23 and FCBP-53 of A. fumigatus were selected to evaluate their cellulolytic activity through submerged fermentation. Maximum cellulase activity (53.7 Units mL -1 ) was recorded after 72 h of incubation with A. niger FCBP-02 (Table 1) , and hence this was selected for further strain improvement.
Improvement of Aspergillus niger FCBP-02 by UV mutagenesis:
The ability of the mutant derivatives to utilize substrate for cellulase enzyme activity was evaluated under the preliminary growth conditions. It was evident from the results obtained that all UV treatments employed had a detrimental effect on enzyme activity ( Table 2 ). Out of 207 survivors, 77 showed bigger zones of hydrolysis, in comparison to the wild strain. An increment in enzyme activity was attained after up to 30 min of UV exposure, whereas a sudden decrease in enzyme production was observed afterwards. Amongst all the improved mutants, one that exhibited significantly higher enzymatic activity (71 Units mL -1 ) after an exposure of 25 min was designated as A-UV-5.6.
Chemical mutagenesis:
The present investigation of chemically treated mutants revealed that among 179 survivors, larger clear zones of cellulose hydrolysis on agar plates were figured around 71 colonies of putative mutant strains as compared to the wild strain (Table 3 ). EMS treatment had a pronounced impact on cellulase activity of mutant derivatives. Enzyme activity was assessed through submerged fermentation after extensive screening of selected putative mutants. One mutant derivative, at a treatment of 250 µg mL -1 EMS concentration, showed a significant improvement in enzymatic activity over other putative mutants by producing the highest amount of cellulase enzyme (Table 3) . It was chosen and designated as A-Ch-5.5.
Comparison of improved strains for cellulolytic activities:
The results in Figure 1 illustrate the activity potential of cellulase by wild-type compared with the putative UV and EMS mutant derivatives.
The enzyme activity assays of parental and mutant strains clearly revealed significantly higher cellulase activity of mutant A-Ch-5.5, followed by A-UV-5.6 with respect to the wild strain of A. niger FCBP-02. The mutant derivatives A-UV-5.6 and A-Ch-5.5 exhibited 71 Units mL -1 (1.5-fold) and 96 Units mL -1 (2-fold) of enzyme activity, respectively, than that of its wild parent (53.7 Units mL -1 ).
Genetic variability of A. niger FCBP-02 and its mutants:
The RAPD-PCR amplification of the genotypes of A. niger FCBP-02 and its mutant derivatives (A-UV-5.6, A-UV-5.9, A-Ch-4.3 and A-Ch-5.5) was executed with 20 primers. All the primers were amplified successfully ( It is evident from Figure 2 (A) that Gene 1 of 1700 bp, at the top in the wild strain, had been inactivated in all the mutants. Likewise, gene 2 and 3 of 1600 and 1500 bp, respectively, failed to prime in A. niger FCBP-02, whereas these were visible in mutant derivatives. Gene 4, 5 and 7 of 1400, 1200 and 900 bp, respectively, were the same in all the genotypes examined. However, gene 7, although common in all genotypes, was minutely primed in wild and particularly in chemical mutants A-Ch-4.3 and A-Ch-5.5. In contrast to that, it was intensely amplified in UV mutants. Likewise, gene 10 was significantly primed in both chemical mutants. Gene 11 of 350 bp was visible in wild as well as mutant genotypes, but in intensity it was close to the wild type as it was present in greater quantity. Both UV mutants, A-UV-5.6 and A-UV-5.9, amplified a new gene of the same size (200 bp). Due to the over expression in these mutants, they might have given higher levels of activity thanthe wild type strain at different time periods during their growth. All the remaining primers figured out the same type of differences in expression profiles of different genes which might have been the reason for the different production capabilities of wild and mutant genotypes.
The RAPD data obtained with 20 primers was evaluated to analyze the genetic parity or disparity among different genotypes. A dendrogram was constructed on the basis of genetic distances by the UPGMA method and two main groups of clusters were identified in the homology tree: A. niger FCBP-02, A-UV-5.6 and A-UV-5.9 on one side and A-Ch-4.3 and A-Ch-5.5 on the other (Figure 3 ). The findings indicate that the UV mutants are more similar to parental than chemical mutants. A-UV-5.6 showed greater genetic affinity of about 73% with A. niger FCBP-02 than A-UV-5.9, which depicted an average of 66-68% similarity, so were placed in sub-cluster group 1. Contrarily, both chemical mutants revealed around 60% genetic similarity to their native strain. All the genotypes on average shared 70% bands (range = 60-80%). A trial undertaken to develop A. niger FCBP-02 by mutagenesis and selection into an efficient strain for production of cellulase led to mutation by inducing either lesion or modification in base sequence of DNA that remained un-repaired [7] . Mutations can alter individual nucleotide bases of the DNA molecule, sequences of bases or large segments of the fungal chromosome. The main effect of mutagenic agents is to induce a lesion in or modification of the base sequence of the DNA molecule [8, 9] . In the present study, the intended strain improvement of the test species was acquired through mutagenesis and selection. The efficient UV mutant procured 32.3% improvement while EMS treated mutant exhibited 79% improvement in enzyme activity. This improvement may be due to the photolysis of adjacent pyramidines to form dimers that may cause error at the next replication, resulting in mutation. The gene responsible for the production of cellulase may increase in the DNA due to mutation, thereby inducing an increase in enzyme activity [8, 9] . Frame shift mutations and base substitutions have also been shown to be induced by UV irradiation, stimulating different types of genetic rearrangements [6] . Previously, Mohsin [4] worked on strain improvement of a thermophilic fungus (Humicola insolens) by using both physical (UV) and chemical mutagens (MNNG, nitrous acid, ethyl methane sulfonate, ethidium bromide). The selection of efficient mutant strains in comparison with wild type was based on a (qualitative) plate screening assay, followed by (quantitative) submerged fermentation. The five best performing mutants TAS UV-4 , TAS NG-7 , TAS HN-4 , TAS EB-2 and TAS EMS-1 gave 17.4, 41.2, 5.2, 23.1 and 29.1% more CMCase production than their wild strain, respectively.
Genetic variation among different strains can be documented by using different molecular markers [10, 11] . In the present study, significant differences in genetic make up of parent, UV and chemical mutant strains were observed using RAPD analysis. It was inferred from the results that the difference in gene expression of these mutants might be a cause of hyperactivity of enzyme in the mutants compared with the wild strain.
In several studies the RAPD fingerprinting technique has been employed to detect mutation, genetic relatedness and genetic variation within and between natural bacterial and human DNA and fungal populations [12] [13] [14] . These strains were screened and studied for cellulase activity using solid-state as well as submerged fermentation techniques [15] . Among the strains, potential ones were selected for further study.
Experimental

Screening of test strains:
Strain improvement through mutagenesis:
In an attempt to enhance enzyme production potential of cellulolytic fungal strains, mutation was induced by ultraviolet (UV) irradiation and ethyl methane sulfonate (EMS). In one set for UV treatment, 10 mL of conidial suspension (5 x 10 5 conidia mL -1 ), from one week old cultures, was placed on sterilized Petri plates and exposed to UV irradiation up to 40 min with 5 min time intervals under an UV lamp (λ = 254 nm and 220V at 50 Hz; distance = 20 cm; UVP Upland, CA 91786 USA) [16] . In another set, chemical treatment followed the protocol of Morikawa et al. [17] using EMS as mutagenic agent. The EMS stock solution at a concentration of 300 μg mL -1 was made and further diluted to 50, 100, 150, 200 and 250 μg mL -1 . Five mL of prepared (50-300 μg mL -1 ) EMS dilution was transferred to each centrifuge tube holding an equal volume of conidial suspension for 30 min at 37°C in a water bath shaker. Two hundred μL of this mutagenized suspension was spread onto PDA plates to obtain survivors. The fungal colonies with the larger zones of clearance were sub-cultured and tested for cellulolytic enzyme activity in shake flasks [15] .
Genotypic characterization:
The two most potent cellulolytic strains from each of the UV and chemical mutants of screened species were chosen to check the genetic variability from the parental. For the extraction of DNA, the modified CTAB (cetyltrimethylammoniumbromide) method of Saghai-Maroof et al. [18] was used. DNA fingerprinting was performed using a modified protocol of Williams et al. [19] . PCR amplification conditions were optimized in a GeneAmp-2700 thermocycler (Applied Biosystems, 850 Lincoln Centre Drive, Foster City, CA., USA). All fingerprinting reactions were set up at a final volume of 25 μL containing: 50 mM, KCl; 10 mM, Tris-HCl (pH 8.3); 1.5 mM, MgCl 2 ; 0.01% (w/v), gelatine; 2 mM, each dNTP (Fermentas Inc. 7520 Connelley Drive, Maryland 21076, USA); 40 pmol, each primer (BioBasic, USA); 1.5 U, Taq DNA polymerase (Fermentas, USA); and 30 ng DNA template. The PCR profile was programmed at the initial denaturation of DNA at 94°C for 2 min, then 94°C for 1 min for denaturation followed by primer annealing at 35°C for 1 min and primer extension at 72°C for 2 min with a total of 40 cycles. The final extension period was adjusted for 5 min at 75°C. The PCR products were then analyzed on 1% agarose gel.
A name or a number was designated for each RAPD marker based on the molecular size and primer used.
Intensely stained DNA bands in the range of 0.2 Kb to 3.0 Kb were documented on agarose gel. The presence or absence of a DNA fragment was scored using a binary system of 0 (in the absence of the band) and 1 (if the band is present). Comparison among fungal genotypes was presumed on the basis of the number of shared amplification products [20] .
